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BACTERIA AND THE MANUFACTURE OF BLACK 

TEA 

A RKPORT ON RKSULTvS OBTAINIU') UP TO THI{ 1 {ND OF I932. 


Foreword 


The great emphasis laid, in the past few years, on the 
medical aspects of bacteriology has lead to a widespread idea that 
all bacteria are, harmful to human life. This is far from being 
true, — many species being directly or indirectly indispensible in 
human economy. 

Failure to distinguish between pathogenic bacteria, which 
cause diseases of animals and plants, and saprophytic species 
which can only attack dead tissues or chemical substances is res- 
ponsible for this false impression. 

The bacteria dealt with in this memorandum belong to the 
saprophytic group, and although some species are undesirable 
in the factory, their presence will not necessarily render the tea 
unfit for human consumption, although it may lower its market 
value, in extreme cases even to the point of making it unsaleable. 

Bacteria, considered from the aspect of their effect on organic 
materials, are highly complicated organisms, and in tea manufac- 
ture their action on a complicated molecule — that of tannin — is 
being studied. The question of their effect on tea protein and 
non-tans is as yet untouched, and the whole subject presents 
many difficulties in study. This work is still in its infancy and 
many anomalous facts have emerged, as for example the rival 
claims of cement, glass, metal and cloth as a fermenting surface. 
Much work remains to be done beiore all the facts are obtained 
and methods evolved for the control of bacteria under all ciixum- 
stances. 

The object of this memorandum is therefore to call attention 
to several facts which are frequently overlooked, rather than to 
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serve as a guide to bacterial control iiiethods. It is liot intended 
as a scientific exposition of tbe subject, and many results of a 
purely scientific nature are omitted. , 

It will be shown that bacteria are always present on tea leaf, 
and the conditions will be indicated under which bacterial num- 
bers may assume excessive proportions. Control methods which 
have proved satisfactory on a number of gardens will be discussed, 
but it cannot be too strongly emphasised that such methods may 
require modification to suit individual cases, and that their appli- 
cation in the factory should be carried out in closest co-operation 
with the Scientific Department. 

To one unaccustomed to dealing with bacteria, it .seems' 
inconceivable that a single bacterium may develop into 
16,000,000 in the space of 12 hours, yet failure to grasp this 
point has in some instances, undoubtedly led to lack of success 
with control methods in the past. 

It is now generally thought in .scientific quarters that the 
fermentation or oxidation of tea leaf during manufacture is 
brought about by the enzymes of the leaf, and not by micro-or- 
ganisms. Karly workers have stated that bacteria on the leaf in* 
crease during withering and manufacture, and that these organ- 
isms may pla\' some part in fermentation, but the theory -that 
fermentation is caused by such organisms was abandoned before 
the commencement of the present century. In non-scientific 
circles, there has remained a lingering idea that certain bacteria 
as.sist in fermentation, but at the same time it is recognised that 
taints may be caused b}' dirty fermenting iloors. The possibility 
of the introduction of bacteria during other stages of manufacture 
has been generally overlooked in North-East India. 

An intensive .study of the whole question was therefore taken 
up .some three years ago. New light has been thrown on certain 
defects of finished tea, the origin of which was previously obscure. 

(Note : — In this memorandum, figures are emplo3^ed to de- 
note specific gardens, since it is contrary to the policy of the 
Department to disclose the name of gardens in publications. A 
record of tbe gardens so referred to is kept at Tocklai.) 



SECTION I 

The Occurri:nce of Bacteria on Tea Leaf and Their 
Subsequent Development 

Several references to bacteria occur in the literature on tea. 
Among these may be mentioned the work of Bamber in Ceylon, 
and Mann in Assam. In 1916 Java workers isolated several differ- 
ent species of bacteria and three of these are described in a publica- 
tion of that year. In general however, investigations on this line 
have been somewhat desultory and little attempt has been made 
to deal with the subject fully. 

- At the commencement of the research scheme in this Depart- 
ment it was observed that large numbers of bacteria are always 
present on the fresh green shoot, and the term ‘‘Tea bacteria*" 
was applied to these organisms, all of which appear to be new 
species. The\^ develop slowly on culture media, producing 
yellow, orange and pink colonies. It is not proposed to give a 
description of the tea bacteria in this memorandum, but some 
iiotes on their (K'currence and properties are given below. 


table 1. DISTRIBUTION OF TEA BACTERIA ON THE SHOOT 


Origin. 

NumixT of 1 

KicU ria [)or grain 

nf material. 


A. 

B. 

C. 

Bud.,.. 

11,5,000,000 

57,000.000 

d0,800,000 

Dl leaf 

14,000,000 

7,:UH),000 

0,500,000 

:ind leaf 

5,100,000 

2,450,000 

1.270,000 

^ , ^ . 







The discovery of the Tea bacteria thus showed that the pluck- 
ing shoot is literally’ covered with a thin film of bacteria. The 
distribution is interesting since the greater numbers are found on 
the finer portions of the shoot. 

The fact that these bacteria are always present on fresh leaf 

forces one to assume that their presence is not detrimental to 
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quality, as at present understood. The'" group as a whole is very 
inactive^ both in rate of growth and in its attack on nitrogenous 
substances and on sugars. Unpleasant odours have not been 
detected in cultures of these micro-organisms. 

The degree of development is very variable. Not only do 
the total numbers differ on individual shoots, but the numbers of 
the different species also show wide variations. 

THH ‘‘FORKK^x” BACTKRIA 

When samples of fermenting leaf and scrapings from floors 
and machinery in factories were examined a totally different bac- 
terial flora was revealed. The Tea bacteria seldom developed, 
but very large numbers of rapid growing bacteria were found. 
These bacteria were assumed to have arisen as a result of infection 
from impure water supplies, material brought in accidentally by 
the factory labour, and from other external factors, and were 
therefore termed ‘‘Foreign” bacteria since they were not regard- 
ed as normal inhabitants of the tea shoot. 

(Note : — In the remainder of this report the word “bacteria” 
will be taken as referring to the Foreign bacteria, unless Tea bac- 
teria are specifically stated.) 

The “Foreign” bacteria develop rapidly on lentil or beef 
extract media, and it ap])ears probable that the organisms reix)rt- 
ed by earlier workers were confined to this group. Colourless 
Lolonies are obtained, and frequently strong odours are produced 
by the bacteria in pure culture, resembling sour milk, malt, stale 
fish, mice, etc. Only one piginent-forniing species has been 
i.solated to date, viz., a minute yellow bacterium, which gives a 
pronounced “earthy” odour in culture, ind tiie evidence jx)ints 
to the fact that this organism can be responsible for earthy 
taints in tea. 

THK OCCURRENCt OF “ FOREION ’ BACTERIA ON THE SHOOT 

It has now been e.stablished that some of the so-called 
“Foreign” bacteria are a normal constituent of the tea shoot, al- 
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though ordinarily present in numbers insufficient to be of conse- 
quence in manufacture. At the beginnino; of the .sea.son the num- 
bers may vary from nil to so/xxj per gram of leaf; higher figures 
are frequently found in mid-season. The cause of this varfiitiou 
is not understood. 

The distribution of the “Foreign” bacteria on the shoot i.s 
similar to that of the Tea bacteria, most being found on the bud. 


TA«Lt 2. DISTAIIUTION OW ** FOREIGN ' BACTERIA ON THE SHOOT 


Origin. 

NumlxTs of 

bacteria |>er gram of 

mat<'rial. 


A. 

lb i 

(1. 

Bud..,. 

8,1.') 0,000 

4,800.000 i 

1 

2,000,000 

Ist leaf 

i 

408,000 

722,000 

.'iO.OOO 

2nd leaf 

l')4,000 ; 

100,000 

2,780 


Counts varying between nil and 2^K)o,i)Oo bacteria on indi- 
\ddual shoots have been recorded, but tlie average usually works 
out between 5,ocxa and 200,000 per gram of leaf. In the 1931 
second flush teas made on garden 6, the total bacterial count 
was maintained at or below 50,000 per gram by careful su]>er- 
vision, and these teas obtained high prices on the London 
market. 

The rapidity of growth of the ‘‘Foreign” species accounts for 
their preix)nderance in the factory. When juice has been ex- 
pressed during rolling, the development of these bacteria is ex- 
tremely rapid and the Tea bacteria are unable to compete for the 
available food. Tea bacteria are rarely found in material from 
factories, except at the beginning and end of the season, and in 
high-elevation gardens. 
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DKVKLOPMKNT OP BACTKKIA DUKINC? .\fANUFACTUKE 

• • f. 

It will be seen that fresh leaf carries to the factory a con- 
siderable number of bacteria, most of which appear to have little, 
if any, effect on fermenting leaf, wliile the more active species are 
present in relatively small numbers at this vStage. The possibi- 
lity of development during withering, rolling and fermentation 
has now to be considered. 

The extreme rapidity of bacterial development is not always 
recognised, and the dangers of uncontrolled infection are fre- 
quently overlooked. The process of reproduction' is of marked 
simplicity, the bacterial cell simply increasing in size and even- 
tually dividing into two similar cells. Under favourable condi- 
tions of moisture, temperature, and food suply, this process 
may take place in half-aii-hour. The two cells so formed pass 
through the same process, four cells being formed by the end of 
the next half hour. The rate of reproduction continues, in this 
manner until the food supply is reduced, or until the substances 
produced by the bacteria have accumulated in sufficient amount 
to check further development. Thus a single bacterium allowed 
to develop for 12 hours could give rise to some t 6, cxx),ooo 
bacteria, or to 64,000,000,000,000 bacteria in 24 hours. There 
is therefore ample time for a considerable bacterial development 
to take place during the normal withering period of 18 hours or 
during a fermenting period of four hours, counting from the start 
of rolling. 

Research conducted over the past year has shown, however, 
that under favourable manufacturing conditions, the actual 
development of bacteria within the mass of leaf is insignificant. 

BACTERIAL CHANGEvS DURING WITHERING 

A. THE NORMAU WITHER 

The leaf does not appear to pick up bacteria from the chungs 
or racks on which it is spread. Even old hessian in a decayed 
state does not appear to affect the leaf when surface water is 
absent. 
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Leaf on garden 6 was spread on new and old hessian, the 
bacterial count being taken after withering. The results were : 

New hessian : 24,0(30 bacteria per gram of leaf. 

Old hessian : 3o,cxxj ,, ,, ,, ,, ,, 

The difTerence between these figures is within the limit of 
sampling error. On tlie other hand on garden 34, a peculiar 
‘ corky’* taint was frequently reported, and the facts pointed to 
this being acquired through withering the leaf on decayed bamboo 
trays. Eleven experiments were run witli leaf withered on these 
trays and on wire, and in each case a corky taint was detected on 
the former samples, those withered on wire being free from the 
taint. The discarding of the decayed trays has coincided with 
the disappearance of the taint fn^m teas of the garden. 

When dry leaf is withered there is no ap]3reciable increase 
in the numbers of the bacteria originally present on the leaf. 


TABLE 3. BACTERIAL CHANGES DURING WITHERING OF DRY LEAF 



Bacteria j)ci‘ gram of leaf. 

Boforo wiflioriag 

4:5,800 

Aftor 24 hour.' 

40, 000 


THE Withering of Wet leaf 

When leaf is brought into the factory wet owing to rain, 
conditions become more favourable to bacterial development. 
Moisture, which is one of the \ ital requirements, is piovided, and 
if there is sullicient *‘f(X)d” in the f( 3 rm of sugars, etc., secieted 
on the surface of the leaf, an increase in numbers is to be ex- 
pected. The additional effect of heating in the iducking baskets 
has not yet been investigated. 

When the leaf is spread on the withering racks or cliungs, 
the excess moisture may dry off rapidl>-, unless tlie atmosphere 
is saturated. The effect of such conditions is shown in Table 4. 
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TABLE 4. bacterial DEVELOPMENT IN WET LEAF ALLOWED TO DRY 



DURING WITHERING 


Duration of wither. 

Bacteria |)cr 

gram of loaf. 

! 

Sample A. 

Samplo B. 

1 

i 

* 

Start ... 

.^r),00U 

i 18,000 

24 hours 

200,000 

iMaO.OOO 

■18 hours 

41 0.000 

1,1*50,000 



' . . 


In sample B the surface moisture dried olT more slovvdy owiiye: 
to the high humidity of the air, and the greater increase in this 
sample may be attributed to this fact. 

With the tvpe of rainfall more common in the Brahmaputra 
Valley, viz., rain storms alternating with dry periods, the in- 
crease of bacteria during the withering of wet leaf may not be 
a serious factor, |)ro\ ided that the t ree water ev aporates fioni the 
surface of the leaf in reasonable time. Districts less foitunately 
situated cliniaticalK', such as parts ol the Dooars where rain falls 
continuously for .several days at a time, are exposed to a giesitei 
risk of infection as may be .seen from the ligures in Table 5, deal- 
ing with the increa.se of bacteria in leaf which remains wet during 
the withering pericxl. 


TABLE 5. BACTERIAL DEVELOPMENT IN WET LEAF, REMAINING WET 
DURING THE PERIOD OF WITHER 


Duration of 
wither. 

A. 

B. 

1 

c. 

[). 

Start 

24 hours ... 
48 hours ... 

7,100 

,*>,1M)0,000 

17.000,000 

! 

18,000 

G,.o00,000 

1 n;,ooo.oou 

.‘10,000 

14.000, (100 

40.000. 000 

18,000 

;!0,00i-,000 

(ii;,ooo,ooo 


It will be seen that under these conditions a high degree of 
bacterial development can take place. On some gardens with 
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adequate withering space, leaf is sometimes kept on the chiings 
for longer than the normal 16-24 hours wither, in an endeavour 
to obtain a physical wither during wet weather. The figures 
for a 48 hours wither are quoted above in reference to such cases. 
Infected teas, even to tlie point of sourness, — may result unless 
the surface moisture is removed during the early stages of wither- 
ing. 


The effect of surface moisture is best examined by combining 
Tables 4 and 5. The figures gi\'en below represent bacterial 
development on the same sample ol wet leaf, one half being 
allowed to dry, and the other half being kept in a humid atmos- 
phere. 


Table 6. Effect of Surface moisture on Bacterial Development 


j 

! 

Duration of wither. 

Bacteria ])cr 

gram of leaf. 

! \\"et h‘a£ allowed 

Leaf kept wet. 


' to dry. 

j 

A. start ... ; 

i 

55, 000 

55,000 

24 hours ' 

200,000 

14,000,000 

48 hours ... 1 

•1 1 0,000 

40,000,000 

1 

B. start 

18,000 

i 18,000 

24 hours 

2,l00,00(t 

: 80.000,000 

48 hours 

1, 050,0' !0 

1 57,000,000 


Normal withering therefore has little effect on bacterial 
numbers, and even wet leaf may not liecome seriously infected, 
if the surface moisture is removed quickly. It must be pointed 
out, liowever, that evidence exists to suggest that the “virulence’’ 
of certain s} 3 ecies of bacteria varies according to their conditions 
of growth, and it is possible that a relatively high development of 
bacteria during withering can be tolerated although a similar 
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infection picked up in the factory might have an adverse effect on 
the fermenting leaf. 

BACTERIAL CHANGES DTtRING MANUEACTHRE AND FERMENTATION 

Contrary to expectations, it is found that there is only a 
very slight increase in bacterial numbers during fermentation, 
when conditions are such that bacteria arc not introduced from 
outside sources. The following figures were obtained from leaf 
rolled for i hour and fermented for four liours from the end of 
rolling. 


table 7. THE INCREASE OF BACTERIA DURING FERMENTATION 



Ihictoria jx^r gram of loaf. 


A. 

15. 

C, 

At (‘11(1 of roll 

490,000 

3,320,000 

400,000 

Forinont(u] 4 hours 

554 000 

3,300,000 

720,000 


Although in most cases a definite increase is recorded, this is 
sufficiently small to be of little practical significance. 

The figures bring out an imj^ortant point, namely : — given 
clean leaf with a low bacterial count, the development of bacteria 
during a normal fermenting period of four hours is a negligible 
factor. An increase from 5(X),o()o to 720,000 per gram is insigni- 
ficant compared with the increase up to 28,ooo,oo(; per gram 
which, as will l>e shown later, may arise as a result of casual 
handling of the leaf in a contaminated factory. 

INCRKA.se ok BACTI'RIA on tea HOTI.SE WAvSTE 

If fermentation is allowed to continue beyond the normal 
time, as is the case with fragments of leaf and expressed juice left 
on floors and machines in the factory, bacterial development in- 
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creases in- rapidity and within 12-24 hours, assumes high propor- 
tions : — 

Table 8. Increase of bacteria during Extended fermentation at 86 F. 


Bacteria [)cr gram of loaf. 



A. 


B. 

Start 

490,000 

St«art 

2,580,000 

4 hours 

720,000 

3 hours 

5,530,000 

8 hours 

10,000,000 

() hours 

1 10,000,000 

12 hours 

.■i02,000,000 

9 hours 

! 219,000,000 

20 hours 

(), -200, 000,000 

12 hours 

j 2,300 000,000 

24 hours 

10,500.000,000 

24 hours 

' 11,300,000,000 


In series B, the increase in eacli successixe period of three 
hours is : 


r.st. 3 hours 

1.37 

2nd. ,, 

2.8 

3rd. 

... 24.9 

4th. 

10.4 

Final 12 hours 

4'3.S 


times. 
) » 

) 1 

y > 
y y 


Series A gives similar figures. 


In other words, the bacteria in juice exjiresscd from rollers 
at the start of manufacture, and those on fragments of leaf left 
attached to roller caps, ball breakers, etc., may have reached 
their liighest state of activity before tlie end of tlie day’s manu- 
facture. At this stage the bacteria are doubling their numbers in 
a little over half an hour. The significance of tliis finding will be 
appreciated when the methods of bacterial control in factories are 
brought under discussion. 



SECTION 2 


The Case Against Bacteria 

The methods by which bacteria can affect fermenting leaf 
are not yet fully understood and much work remains to be done 
in thivS sphere. The results of infection, however, have been 
brought to light, both by direct inoculation experiments and by 
instituting methods of bacterial control in factories. 

It must be understood that it is not yet possible to foretell 
accurateh^ the effect of any particular species either in pure cul- 
ture or in the factory, although the general tendencies are known. 

Bacteria are low forms of plant life consisting of single cells 
averaging 1/20,000 inch in length. In common with all 
forms of plant and animal life, they secrete enzymes, and their 
life processes are carried on through the action of these enzymes. 
Bacteria contain oxidising enzymes, similar to those in the tea 
leaf, and also enzymes capable of decomposing nitrogenous 
matter. In the latter case, free ammonia may be produced, or 
odours resembling mice, stale fish or meat, sour milk, excreta 
etc., and there is little doubt that these may sometimes be rcs- 
}X>nsible for ^ ^earthy” ‘^sour or cheesy ‘.‘baky’^ and other taints 
in tea. 

There are thus two possible ways in which bacteria can 
affect the quality of fermenting leaf, viz. 

(1) By the action of enzymes on the tannin in the juice on 
the surface of rolled leaf. vSugars and protein matter may also 
be affected. 

(2) By the liberation of ammonia etc., which may affect the 
subsequent fermentation of the tea. 

Since the bacteria to a great extent confine their activities 
to the juice on the surface of the rolled leaf, the maximum effect 
is likely to be found in the tasters five-minute infusion, in which 
much of this juice is dissolved. 
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EXPERIMENTS WITH INOCUEATION 

The results of experiments made by adding bacteria to leaf 
at Tocklai during rolling show that the above theories receive 
substantial confirmation in practice. The bacteria were isolated 
in the first instance from fermenting leaf or from infected resi- 
dues from different factories, and in two cases a strained sus- 
pension of the residues themselves was used. The numbers of 
bacteria used in these experiments were comparable with the in- 
fection frequently found in fermenting leaf when manufacture 
is not conducted according to the requirements of bacterial con- 
trol. 

In experiments A, B and C the effect of bacteria on the 
tannin content of the leaf was determined by anal^^sis of the 
finished tea. 


TABLE 9. The Effect of bacterial infection on the Tannin, 
CONTENT OF TEAS 


A. Check 
Inoculatod 
Ik Cheek 
Inoculated 
(k Check 
Inoculated 


11.77% tannin 

7 - 27 /. „ 

17-0H% 


The drop in tannin consequent on bacterial infection is 
considerable. A further series of experiments was conducted 
with different bacteria isolated from fermenting leaf, the finished 
teas being submitted to a taster for report ; In table lo the results 
are given : — 


TABLE 10. Effect of Bacterial infection on Teas 


Sample, 

Tasters Hoport. 

1. Ohock 

The cleanest tea though rather lacking in 
quality. 

Inoculated A- 

Samples poor with an unclean taste and are 
softish. The soft and unclean taste has defi- 


do. B. ) 

nitely affected the quality of the teas. 
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Sample. 


Tasters Beport. 

2. (Mieck 

... 

The cleanest tea ami is bright, hard and 
pungent. Infusion bright. 

Though fuller, is rather soft and a trifle 
sweaty. 

Inoculated ... 


A. ('heck ... 

B. InoculatiMl 


A is preferable to B as it is brisk and 
clean, while B tastes rather unclean and ap- 
pears to 1)0 a non- keeping type. 

4. C. Check ... 

D. Inoculate! I 


I), the inoculated sample is rather soft. 


All the alx)ve inoculations were made w-ith cultures of 
bacteria. In the following experiments, the leaf was iiKxmlated 
with infected material from factories, susixmded in water and 
filtered through cotton-wool to remove the dirt, while retaining 
the bacteria in suspension. 


TABLE 1 1 . Effect of a mixed Suspension of bacteria on tea 


Samples. 

1 

Tasters Heport. 

5. E. (!heck ... 

E is a cleaiuT, brighter tea than F with 
more character. F is a little fuller than E, 

F. Inoculated 

but is soft and tastes unclean. 

(J. Check 

Infusions of all sets are fair but a little 

uneven. In cup, the liquors marked l^acteria 
are soft with colour, whereas the check 

Bacteria (Tnoculatedj 

samples have briskness with very good 
strength. 



It must be pointed out that all bacteria may not produce 
these effects, aiid the study of individual .species provides an 
important subject for future consideration, riiere is also 
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evidence that the activity of bacteria growing naturally on tea 
juice and leaf in factories is iiiuch greater than that of the same 
species when obtained in pure culture. 

It is clear, however, that certain inicro-organisnis commonly 
found in factories may have a marked deleterious effect on fer- 
menting leaf, and that this effect persists in the finislied teas. 

The results of the experiments quoted above, and of work in 
factories, show that the ill effects are mainly in the direction of 

(1) Dull infused leaf. 

(2) Soft liquors. 

(3) Taints. 

An interesting jx)int, which was not foreseen, is that an in- 
fected te^i may throw a more coloury, tliougli softer, liquor than 
one manufactured under clean conditions. When jnilk is added 
to such liquors however, the colour is usually found to be coffee 
like, or ‘‘grey” and ‘‘slatey” instead of the bright orange or 
pinkish colour of a quality tea. 

A further interesting point on dull infused leaf was brought 
out in 1931. In the past there has been a tendency to assume 
that dull infused leaf is a sign of over-fermentation. By 
careful control of bacterial infection it has been found possible to 
ferment leaf for 24 hours without the development of a dark colour 
on the leaf. This is not always possible, except at the l:>eginning 
of the season when bacterial counts and temperatures are low, 
owing to the rapid development of bacteria in the leaf itself, but 
by adding to the leaf a chemical which pre\’ents bacterial develop- 
ment, a bright colour was still obtained at the end of tliree days 
fermentation. A dull infusion cannot therefore be directly ascrib- 
ed to over-fermentation. 

It is interesting to note that the Ceylon workers reported a 
similar finding at about the same time. 



SECTION 8 

i'HE Origin of Bacterial Infection in the Factory 

It has now been shown that most tea leaf carries the so- 
called “Foreign” bacteria, but that the numbers are low, and 
that unless a high degree of development has taken place, owing 
to leaf remaining in a wet condition in the withering house, the 
withered leaf should reach the rolling room with a relatively low 
infection. 

It has also been shown that bacterial increase during fer- 
mentation is slight, but that after the first few liouis these bac- 
teria multiply rapidly on waste leaf or in expressed juice, and 
that if these bacteria are allowed to reinfect the leaf, dull in- 
fusions and soft liquors may result. 

Bacterial control thus becomes a question of preventing the 
increase of bacteria in waste material, removing the waste 
material as it arises, and as far as possible keeping the leaf ont 
of contact with places where bacteria may be developing. In 
this section the main sources of infection will be indicated. 

A. infection from rollers 

Unless continually cleaned, rollers quickly accumulate resi- 
dues of leaf, and bacterial development is rapid. Juice and leaf 
particles collect in the angles of the battens on the caj) and in the 
ventilating holes which are provided in some types of pressure 
cap. When the cap is fairly clean, and only a thin layer of 
dried juice is present, bacterial numbers are relatively low, bu* 
when deposits are heavy and in a moist state, exccssi\’e infection 
is frequently found : — 

Table 12. BAerEdiAL infection on Roller caps bacteria per 
Gram of material 

Heavy moist deposits. 

1.960.000. 000 

3.910.000. 000 

1.750.000. 000 

2.75.0000. 000 


Light dry deposits. 

140,000,000 

240.000,000 

282,000,000 

83.000. 000 

93.000. 000 
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Even’ higher infections* may be found in deposits from roller 
tables, where the latter are of wood or cement, and are in a de- 
cayed state. Pockets in the surface of the table tend to collect 
leaf and juice, such material remaining moist. 

Typical figures are : 

TABLE 13. BACTERIAL INFECTION ON CEMENT AND WOOD ROLLER TABLE 

1.930.000. 000 bacteria per gram, 

5.200.000. 000 „ „ 

7.660.000. 000 „ „ 

8.030.000. 000 „ „ 

B. INKKCTION FROM GRKEN-LEAF SIFTERS 

Owing to the large surface exjwsed by the wires of these 
machines, they can contribute a considerable infection to leaf 
passing o\'er them. Typical figures for material left adhering 
to the wires are given in Table 14 . (All figures for material 
scraped off machines, floors, etc., represent the infection which 
may be present if these are not cleaned daily). 

Table 14. infection on Green-leaf Sifters 

3.600.000. 000 Bacteria per gram of material. 

2.650.000. 000 „ „ 

9.150.000. 000 „ „ 

6.320.000. 000 „ „ 

25,000,000 „ „ 

Here again the lowest figures are obtained when heavy de- 
posits are not allowed to accumulate. The infection which may 
be transferred to leaf, even at an early stage of manufacture, by 
an uncleaned sifter is shown by the following figures for rolled 
leaf before and after sifting. 

Table 15. Infection..of leaf by a Green-leaf Sifter 

Before sifting 30,000 bacteria per gram. 

After sifting 480,000 „ „ 

These figures represent the first sifting only. Since coarse 
leaf may be passed over the sifter three times, with an increasing 
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infection each time, unless cleaning is adequate a higlrdegree of 
infection may eventually by reached. 

C. INFKCTION IN LKAF T ROLLUPS 

Leaf trollies being constantly brought into contact with ex- 
pressed juice, which is absorbed b}' the wood, would be expected 
to provide an excellent breeding ground for bacteria. Such 
deposits are frequently moist, and bacterial numbers are high 
in consequence. 

TABLE 16. Bacterial infection in wooden leaf trollies 

3.000. 000.000 bilctxiriil i)cr gfiini of ituiterial. 

1.460.000. 000 „ „ 

980,969,000 „ „ 

I). INFKCTION' ON KOLLINO ROOM FLOORS 

The floor of the rolling room provides what is probably the 
most dangerous source of infection in the whole factory. Often 
in poor condition and badly drained, the floor is constantly con- 
taminated with juice expres.sed from the rollers, pjven a floor 
of Indian Patent Stone breeds a high infection by the end of the 
day, unless steps are taken to remove the juice as it falls, and 
where the floor is porous and in poor condition the residues from 
]irevious mauufactures may transfer a higli infection to freshly 
expressed juice. 

Figures for dirt scra|X"d off the floor underneath the rollers 

are : 

TABLE 17. BACTERIAL INFECTION ON ROLLING ROOM FLOORS 

1.180.000. 000 bacteria jier gram. 

490.000. 000 „ „ 

1.660.000. 000 „ „ 

610.000. 000 

1,480,000,000 „ „ 

Pvven when a floor is reasonably well cleaned and bacterial 
numbers thereby reduced, a full infection is likely to develop 
during the day. 
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TABLif 18. Development of bacteria on a rolling room Floor 

Before infinuEacture 200,000,000 bacteria j 3 er gram. 

After manufacture 2,700,000,000 „ „ 

The extent to which bacteria can be picked up by leaf 
dropped on to an infected floor covered with juice ivS well brought 
out by figures obtained at Garden ai. Tn this case, the leaf 
trollies were of small size and consequently some 25 % of the leaf 
was dropped on to the floor at the end of the roll. The floor was 
of Indian Patent Stone and in good condition, but was badly 
drained, and the expres.sed juice remained on the floor. The leaf 
dropped into this juice immediately acquired an infection of 
28 , 400 , 0(30 bacteria per gram. This leaf was bulked with the 
rest. The infection in the fermenting leaf was 7 , 500 , 0(30 bacteria 
per gram. 

Analysis at another garden where less leaf was drop] 3 ed under 
the rollers in the normal course of manufacture ga\'e the following 
figures : — 


TABLE 19, INFECTION OF LEAF BY ROLLING ROOM FLOOR 

Formonting loaf after normal handling 1»82(),000 hactoria por gram. 

,, „ kept off the floor 168,000 ,, 

The possibility of such infection will vary in different facto- 
ries since in some cases veiw little leaf is dro])pe(l, while at the 
other extreme, one factory has been visited where the whole roll 
was dropi3ed directly on to the floor. 

INFECTION ON FJ^RMlvNTlNG FEOORvS 

Fermenting floors vary from glazed tiles and glass beds, to 
decayed brick from which the original surface of cement has 
almost completely disappeared. Glass sheets and tiles, if kept 
clean, may be regarded as practically sterile. The analyses of 
scrapings from many cement floors show that the bacterial infec- 
tion is again roughly proporti(3nal to the amount of dirt present 
and its degree of moistness. Good floors of Patent Stone or cement 
as a rule carry only a thin film of tea juice, and unless the flcxir 
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is continually washed, this film is dry. Bacterial counts on such 
floors are generally lower than in the heavy deposits from decayed 
floors, particularly if the latter are kept wet. ^ 

TABLE 20. BACTERIAL INFECTION ON FERMENTING ROOM FLOORS 
BACTERIA PER ORAM OF MATERIAL 


Thin dry dojiosits. 


16,200,000 

4.50.000. 000 
80,000,000 
36,000.000 

470.000. 000 


Heavy moist dejiosits. 


380,000,000 

1.530.000. 000 

4.450.000. 000 

8.400.000. 000 

6.450.000. 000 


Damp porous floors appear to support higher numbers of 
bacteria than do dry floors. In addition, the former commonly 
become infected with a bacterium which gives a strong earthy 
odour in pure culture, and there is distinct ev'idence that this 
organism is resjxinsible for an “earthy” taint in teas. These 
bacteria have been found on a number of occasions in the white 
patches which develop on porous floors during the cold we.ithei . 

On the fermenting floor, two effecta may be expected, one 
caused by the actual entry of the bacteria into the mass of ferment- 
ing leaf, which can only affect the lowest i)ortions of the “bed” 
and which probably takes place when the floor is wet, and the 
other caused by the gases (c.g. ammonia) produced by bacteria 
acting on old or on freslily deposited juice and on the leaf in 
contact with the floor, rising through the whole mass. 

An extreme case of bacterial infection from a fermenting 
floor is found in the following figures from a garden where leaf 
fermented on wire racks was preferred to that fermented on the 
floor. 

TABLE 21. INFECTION OF LEAF ON A FERMENTING FLOOR 

Leaf fermented on rack 300,000 bacteria per gram. 

Leaf fermented on floor 41,600,000 „ 



^kCTlOlt 4 


^he’Control of Bactkrial Inkkction in Factories with 
vSOMK RKvSuj^ts Obtainkd in Practice 

The results of bacterial infection will depend on a number 
of factors, such as the species of bacteria concerned and their 
activity at the tinie of infection, the number introduced, the 
length of time these are allowed to act on the leaf, the temperature 
of the leaf, etc. It is therefore possible for one factory to produce 
good teas although working under unclean conditions, while 
another factory may have to adopt intensive control measures 
against bacteria if good teas are to be made. 

The maintenance of cleanliness in the past has been attempted 
by washing with water, steaming, and by the use of permanganate 
of potash on the fermenting floor. Constant washing of the latter 
has also been practised, although evidence now points to the fact 
that this treatment may fail to have the desired effect. 

The methods put forward by this Department in the last 
three years haxe been based on an appreciation of the factors con- 
cerned in bacterial dexelopnient, and of the points at which infec- 
tion is most likely to occur. The main features of these recom- 
mendations are : — 

(1) Introduction of blow lamps for sterilising machinery. 

(2) Recognition of the fact that rolling room floors can 
seldom be kept sterile under present conditions. 

(3) Eliiuination of absorbent wood surfaces. 

(4) Attempts to control bacteria by removing their food 

dried juice, etc.), and by eliminating excess moisture. 

These methods on the whole have produced successful results, 
although failures have been met in some instances, owing to the 
difficulty experienced in cleaning certain types of fermenting 
floors. 
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A. vSTKRILISATlON OF ROLLKRS 

Before routine treatment can be taken up it has been found 
necessary to clean away all old dejxisits from roller caps, tables, 
etc. otherwise subsequent flaming with a blow lamp is not efficient. 
The method of cleaning that so far has been found to be most 
satisfactory in practice, is a thorough brushing with water at the 
end of the day, followed by flaming with blow lamps before 
manufacture starts next da\\ The necessity of both cleaning and 
flaming is shown by the following figures : 

Table 22. development of bacteria on roller Dirt during the day 

8oraping.s beforo manufacture starts 242,000.000 bacteria per gram. 
Scrapings at end of manufacture r),0.'i(l,000,000 ,, ,, ,, 

The leaf particles on which these bacteria are developing 
must be washed away, but the water left on the roller c;ip encour- 
ages bacterial development in the insoluble residues not removed 
by washing. In one sample taken from a roller cap washed at 
night, scrapings taken before flaming ne.\t day showed 
3,000,000,000 bacteria per gram of scrapings. Rollers should not 
be flamed when wet, since a layer of steam may be formed between 
the flame and the w'Ct surface, and this protects the bacteria from 
the intense heat of the flame. 

The use of a large torch simplilies the process of flaming and 
enables the work to be done more quickly than when the ordinary 
small blow-lamp is used. 

The danger of infection from uncleaned rollers is brought 
out by the following report from a garden Manager (i). An ex- 
Ijeriment was tried in which the rollers were washed once a week, 
cleaning being attempted at the end of each day without using 
water. 


“We gave it a trial for a week or more, trying to clean 

only with blow lamps and keeping everything dry 

After a few days the colour of the infused leaf became 
affected and was a dirty dark brown. After a few days of 
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this, I washed down thoroughly with sand and water and 
polished the tables up, and the colours came back at 
once/’ 

T^iis is particularly interesting as giving direct evidence of 
bacteria being instriiiiiental in the production of dull infused leaf. 

Another Manager (2) states that if he omits the daily flaming 
of rollers and sifters, the infused leaf is always darker and liquors 
are less pungent. 

B. STKRIIJSATlON OF CAU:m Ivlv\F SIFTI^RS 

Flaming the wires of kutcha sifters was adopted in 1930 and 
has proved satisfactorv in practice. The method now used is to 
brush the sifters with water at the end of tlie day, flaming them 
thoroughly before commencing manufacture next morning. Brush- 
ing alone detaches the large ])ieces of leaf from the wires, but the 
machine soon becomes clogged with a ‘^fur” of small particles 
and dried juice. Flaming, apart from destroying the bacteria, 
causes this fur to char and shrink, when it is easily removed with 
a dry brush. 

One Manager (3) reported a complete alteration in the 
character of his teas tocoloury pungent liquors witli bright infused 
leaf, when the flaming of rollers and sifters was adopted, together 
with keeping the factory floors dry. 

Corresponding invoices for 1930 and 1931, the latter with 
bacterial control, were reported on as follows : — 



1930 

1931 

Liquors 

Hoiu« hriskries:?, vory light 
and wanting in i?uhi>tano(‘ 

JStrong, eoluiiry, bri.'ik with 
soinn (quality and a little 
flavour. 

Infu.^od leaf 

( Fair but rathor unnvon. 

1 

Bright. 


Another Manager (4) states that flaming is the only satisfac- 
tory way of cleaning a green leaf sifter. 
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In many cases where flaming has been adopted, it as not pos- 
sible to ascribe the improvement in the teas to this treatment alone, 
since other methods of bacterial control have been adopted at the 
same time. 


C. I.KAK TROTjniu^ 

At first, attempts were made at keeping leaf trollies clean by 
scrubbing with E.C. solution. It was found that new trollies, well 
made, could be cleaned in this way but that they became fully coat- 
ed with juice after one day’s manufacture. Old trollies could not 
be dealt with. To avoid the rapid accuniulation of juice and to 
simplify cleaning and sterilisation, metal linings were subse- 
quently recommended, and these luive been widely adopted. 
Such trollies are kept clean with the minimum of trouble ; simple 
washing at night, and if i)Ossible, at inter\als during the day, and 
flaming before the start of manufacture is sufticieut. No definite 
reports on the results of installing metal linings have been re- 
ceived, since in nearly all cases this |)ro\’ision was adopted with 
other methods of bacterial control. 

I). FUJORvS OF ROUOXi; ROOMS 

Investigations made over a considerable period have shown 
that the rolling room floor can only be kept free from dangerous 
infection under two conditions, viz, 

(i) If no juice is dropped on to the fl(j()r. 

(2| If the juice is completely removed as soon as it falls 
on to the floor. 

Owing to the rapid development of bacteria in tea juice, a 
heavy infection may occur even on a tiled floor by the end of the 
day, if the expressed juice is allowed to remain on the floor. 

A comparative effect is seen in figures from garden 27, 
where the expressed juice was allowed to run through cloth sus- 
pended on wire racks, the leaf remaining on the cloth. Although 
this cloth was sterile at the start of manufacture, subsequently 
bacterial development was rapid. After nine hours manufac- 
ture, fine leaf freshly dropped on to this cloth was found to have 
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acquired a ‘bacterial count of Tr,6oo,o(X) bacteria per gram 
through contact with infected juice, although the leaf only re- 
mained on the clotli for a few minutes. The average infection 
on the main bulk of leaf was only 5‘^,50o bacteria per gram, so 
that the infection picked up from the cloth amounted to 
11,540,000 bacteria per gram of leaf. 

To render possible the removal of juice as it falls, a special 
construction of the floor under the rollers is required. A satis- 
factory design is already found in a few factories, and consists 
of a fairly steep slope of the floor from front to rear, into a drain 
situated behind the machines. To secure this effect, the rollers 
may either be mounted on a steeply cambered floor, or indiyidual 
pits may be proyided for each roller. 

If the juice is washed off this slope as it falls, or at least 
every half hour, a low degree of bacterial development may be 
expected. The function of the slope is to prevent juice and 
water from flowing out in front of the machines when the floor 
is washed. 

Figures obtained in practice for leaf allowed to fall on to the 
floor underneath the rollers are : 

TABLE 23. INFECTION OF LEAF BY ROLLING ROOM FLOOR 

llndraiiKnl floor ... 400, 000 bacfcTia p t gram of 

Oniin^^d floor ... 1 1,700,000 ,, ,, 

froquondv washed ... ) 1.340,000 ,, 

Witli a correct desi.-in of floor and constant wasliing, the 
surface can he kept relatively clean and free from bacteria, but 
where these facilities do not exist, leaf must be kept off the floor. 
Tn cases of serious infection, it has Ix'cn foTind necessary to dis- 
card all leaf which falls on to the rolling room floor wherever 
juice has collected. 

A major fault in factory procedure has been revealed by 
this work, viz., the bulking of withered leaf on the floor in front 
of the rollers. Obsercation has shoun that when the floor is 
contaminated with juice, such leaf frequently develops an un- 
pleasant odour, presumably owing to bacterial infection. 
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Withered leaf should be bulked on a wooden platform or a tar- 
paulin, or loaded direct into the rollers. In any case it should 
be kept off the floor. 

The following figures from a group of four gardens are 
interesting. Garden A was working \y\ih a well drained rolling 
room flooi, all juice being washed away as it fell. Gardens B, 
C and D had undrained Ihxu's and large amounts of leaf were 
dropped into the juice which flowed oxer the floor. The final 
infection in fermenting leaf from the different gardens was : — 

TABLE 24. INFECTION OP LEAF FROM ROLLING ROOM .FLOOR 

Garden A (floor draimul) ... 1118,000 hai’bTia per gram. 

,, B (floor undraiiK^l) ... 7,040,000 ,, 

„ G „ „ ... .5,000,000 

„ D „ „ ... 28,600,000 

REvSUT.TS OBTAINS) TN PRACTJC1{ 

Garden 5 was accustomed to making teas with a rather dull 
infused leaf, and liquors somewhat lacking in pungency. Test 
fermentations were made on glass sheets and showed a slight 
improvement. The rolling room floor, although of Indian 
Patent vStone, was thickly coated with old juice residues and 
was considered to be the source of infection, since juice from the 
rollers flowed in front of the machines, towards the only drain. 
The rolling flixir was subsequently ke])t very clean and all leaf 
falling into juice was discarded. .Sifters and rollers were 
flamed each day, and leaf trollies were metal-lined as an 
additional precaution. 

The Manager later reported that infused leaf was brightei 
and liquors more pungent than had been the case for soim 
years. 

Garden 6 had an undrained rolling room floor, and tin 
whole floor was kept wet by spraving water into the air fo 
cooling purposes. infused leaf was always dark and liquor 
tended to be plain. 
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A drain was cut beliind the rollers, for the removal of 
water after washing the machines. Floors were kept as dry as 
possible, and leaf falling on to the floor was discarded. An 
immediate improvement in infused leaf and liquors was noted. 
Corresponding invoices for 1930, and for 1931 after bacterial 
control had been introduced were reported on as follows : — 



1930 

1931 

Liquors. 

Are a little light in 

Strong and coloury with 


description and are 
rather plain in cup 
lacking point and 
briskness. 

point and pungency. 

Infused 

Is greenish and rather 

Bright and even. 

loaf. 

dark in colour. 


A report by the Manager of this garden is given in Section 
5. Garden 7 was reported to be making ‘‘sourish’’ teas. Leaf 
was fermented on tiles, but an infection from the rolling room 
floor was diagnosed. Since control measures were instituted, 
no complaint of sourness has been received, and the Manager 
stated that infusions were brighter immediately after the 
change. 

Garden 8 was in the habit of bulking withered leaf on the 
rolling room floor, which was badly drained, and covered with 
juice. Leaf was also dropped on to the floor during subsequent 
stages of manufacture. When these practices had been .stopped 
the Manager wrote : “Since your visit I have been keeping my 
rolling floor dry, and anyhow have kept the kutcha leaf off the 
floor. My infused leaf is a better colour and liquors are brisker, 
and this has been borne out by my brokers reports.’’ 

K. CONTROL OF INFECTION IN THE FERAfENTlNG ROOM 

The cleaning of fermenting floors in the past has usually 
been attempted by scrubbing with water or with a very dilute 
solution of permanganate of jx)tash. Steaming has sometimes 
been adopted for sterilising purposes. 
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When the first experiments were made at sterilising floors 
it was found that even concentrated solutions of permanganate 
of potash had a \'erv incomplete effect on the bacteria. When 
using a solution containing one ounce |x"rnianganate of potash 
per gallon added to scrapings from a fermenting floor the follow- 
ing figures were obtained. 

Table 25. Sterilisation by permanganate of potash 

Control ... ... 740,000,000 hactoria por 

Pnrinan;yanat(^ .solution al- 

lowod to act for !> minutes. J 02,000,000 „ 

30 minutes. 160,000,000 ,, 

The pink solution used in factories has a concentration of 
about one-hundredth of that u.sed abo\’c. It is therefore doubt- 
ful if the treatment is much more effective than scrubbing with 
plain water. 

Many antiseptics could not be used on account of their 
odour, and as a strong oxidising agent, Klectrolytic Chlorine 
was adopted, since this has the advantage that the free chlorine 
is destroyed by organic matter. R.C. was found capable of 
completclv de.stroying bacteria in pure culture. For sporc- 
forniing bacteria its u.se at a temperature of rio^’F. was required 
When the .solution was u.sed in the hictory, however, it was 
found that the oxidising power of the free chlorine was destroyed 
bv the dirt present, before the bcactcTi’a had been killed. It 
was thus reali.sed as early as 1930, that R.C. could not be re- 
garded as a true sterilising agent, unless the surfaces to be 
treated were completely free from organic matter, but its power 
of decomposing organic matter rendered this reagent of great 
u.se in assi.sting the cleaning of a floor. 

It is propo.sed to deal with the R.C. treatment for ferment- 
ing floors in a .separate pamphlet since the subject is compli- 
cated. R.C. when correctly a])plied has gixen satisfactory 
results in a number of gardens, and it is still being msv^d. 
Failures have arisen, which can be a.scribed to : 

(i) The use of R.C. on a porous or decayed floor which 
cannot be satisfactorily cleaned. 
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(2) * The use of E.C. as a wasli without attempting to 

clean the floor. 

(3) Failure to wash the floor after treatment. 

These errors all arise from the faulty assumption that E.C. 
is used as a sterilising agent, whereas the original intention 
which gave rise to its intnxlnction for factory work was that it 
should assist the process of cleaning the dirt off the floor, its 
sterilising action is not exerted as long as any organic matter 
remains. 


WET KJn^MKNTlNi; FEDORS 

The constant washing of fermenting floors has been dis- 
couraged since work on bacterial control was taken up, as the 
result of experiments. Figures given on page 21 show that a 
higher degree of infection is found in moist deiR>sits than in 
dry. When moist deposits are allowed to accnmnlate, un- 
pleasant odours frequently appear, but these odours are due 
to the products of bacterial action, and not to the bacteria them- 
selves. Thus lactic acid and similar organic acids may give 
rise to a sour or “cheesy’' smell; ammonia and various amines 
may produce stable-like or “flshy“ odours. These substances 
are nsnall}’ soluble in water, and in consequence washing may 
remove the odour temporarily, but unless the floor is thoroughly 
cleaned at the same time, the bacteria will remain and will be 
stimulated to further activity by the inoistuie sujq^lied. 

Cleaning with sand and water, with E.C. where the state 
of the floor allows this reagent to Ix^ used successfully, is 
therefore advised, to remove tlie deposits of juice on which the 
bacteria are developing, the floor subsequently being kept dry 
to inhibit further bacterial development on freshly dejx)sited 
juice. This system has given good results in a number of 
gardens. 

The Superintendent of a group of gardens (13) reported 
that when leaf was fermented on a wet floor, the leaf in contact 
with the floor always gave a softer liquor than that forming the 
upper half of the bed. 
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On Garden 20, leaf was fermented on wet and dry floors. 
The samples from the dry floor gave brighter infused leaf and 
brisker liquors. 

The Manager of Garden 8 re^xirts ‘Xast year I found that 
we got a great improvement in infused colour when fermenting 
on a dry floor — also a great decrease in the smell of ammonia’'. 
In this case flaming of the green leaf sifters was adopted at the 
same time, and some of the improvement may have been due 
to this. 

Teas fermented on a dry floor are not always preferred to 
those from a wet surface, and it appears that a temperature factor 
may be involved, the wet floor being cooler than the dry, so that 
if a definitely harmful bacterium is not present on the floor, wet 
conditions may be satisfactory. This of course is a matter for 
individual experiment. 

IlUMIDIPlHRvS AND WATER SUPrijr:S 

Humidifiers correctly installed and worked should not deposit 
water on the floor. In low, badly ventilated rooms, deposition may 
occur, especially if the humidifiers are worked continuously in a 
naturally cool room w’here very little moisture is necessary to 
saturate the air. This introduces the effect of w^et fermenting 
floors dealt with in the last paragraphs. .Gardens 21 and 22 re- 
ported that teas w'ere improved when the use of humidifiers w^as 
discontinued. Garden 23 also stopped the use of humidifiers when 
it was found that leaf in contact with water on the floor gave a 
dull infusion. 

These findings should not be taken to indicate that a cool, 
humid atmosphere in the fermenting room is not considered de- 
sirable, but that if these conditions can only be secured at the 
expense of a wet fermenting floor, the effect of the increased 
bacterial activity on the floor may more than outweigh the benefit 
of a humid atmosphere. 

A secondary effect is introduced when the water supply is 
highly infected with bacteria. Most supplies in the plains are 
surface waters and high infections are often found. The first 
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case investigated was that of Garden 24 wliere the leaf fermenting 
nnderneath the humidifiers developed a highl3/ unpleasant smell, 
comparable to a “baky’’ taint. The water su])ply was found to 
be highly infected with bacteria, up to 104, ocx; per cc. being 
recorded. 

The origin of the infection was apparently seepage through 
the walls of shallow wells. When this factor had been eliminated 
and precautions were taken to exclude foreign matter from the 
wells, the bacterial count fell to 200 per cc. and the taint has not 
occurred since. 

Two further instances of infected water supplies may be 
gwen. At Garden 25, a general bacterial infection was first 
brought under control, attention being siibsequeiitl}^ directed to- 
wards the water suppl}^ This consisted of a 40 ft. tute well 
which was evidentl}^ tapping an underground channel of polluted 
water. Counts up to 400,000 bacteria per cc. were obtained. 

A taster reports ‘'Up to and including last season (garden 
25) teas always had dull poor infusions and the liquors had a 
rank sourish taste. Last year measures were taken to control the 
bacteria and the tea improved considerabl}', though the infusions 
were still dull and the liquors sourish. . . . This year, water 
for use in the factory is taken from a different source, bacterial 
control is still in force and the infusions this year are bright 
and the liquors are pungent with no trace of sourness’'. 

Garden 26 provided a similar case and the same precautions 
eliminated the sourness and improved the teas. 

These instances are sufficient to show that an infected water 
supply may be an important factor in preventing the production 
of good teas. A new line of work has thus been opened up. W ater 
samples have been examined with infections ranging from a few 
hundred to more than two million bacteria per cc. and the clearness 
of the sample is no criterion of its purity. 

FERMENTATION OUT OF CONTACT WITH THE FLOOR 

It has now been shown that infections on the fermenting lloor 
can seriously affect the teas but can be controlled to some extent 
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by removing the film of tea juice which accumulates rapidly, and 
by maintaining dry conditions. E.C. has proved of value in 
assisting the cleaning of floors in niany cases, but the treatment 
requires careful supervision, and certain types of floor will not 
respond to any cleaning process. The failure of the E.C. treat- 
ment when applied to decayed floors has unfortunately led to a 
general abandonment of this method, even for good floors, and 
a simple and effective way of cleaning floors in good condition 
is hence being disregarded. 

Relaying of an infected floor is no guarantee that a non- 
porous surface will be obtained, unless the work is done by experts. 
A porous floor iiiaj' become fully infected in the first season. A 
logical development is therefore fermentation out of contact with 
the floor. 

Early in 1930 the use of metal sheets was advised for testing 
the effect of the fermenting floor on teas, leaf spread on the sheets 
being compared with similar leaf spread on the fl(X)r. As a further 
development, wire racks covered with clean cloth were advised. 
Rack fermentation is not a new system, but has recently been 
adopted by a numlxir of gardens which fornierly fermented on 
the floor. Where the floor is infected and cannot be cleaned, 
fermentation on racks or metal sheets has frequently given 
brighter infused leaf and stronger liquors. 

The following are instances. 

Garden 2j. London Broker's report. 

A. Leaf fermented on racks. 

B. Leaf fermented on the floor. 

“Dry leaf : There is nothing to ch(X)se in make of leaf 
between the two sets.“ 

“Liquors : We give decided preference to A. They are 
thicker, have better quality, and are brisker 
than B.” 

“Infused leaf. A is brighter and more even than B.“ 


Valuations (Loudon). 

B.O.P. 

B.P. 

A. (racks) 

... 1/5 


A. (floor) 

... 1 / 2 K 
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Garden 21. Calcntta Broker* s report. 

C. on racks 

D. on floor. 

‘'As regards dry leaf there is little to choose between the 
appearances of either set.” 

“The infused leaf of C set however, is preferable being 
brighter in colour, and in cup we also give distinct preference 
to the C samples which were fermented on wire racks. This 
set throws brighter liquors, and are more pungent in character 
than those of D samples.” 

Garden 2S. CaliUtta Broker's report. 

A fermented on zinc sheets. 

B fermented on floor. 

“With reference to the samples manufactured on the 
21st. fune, 1931 we certainly prefer the liquor of the A. It 
is though light, fairh^ sweet. The liquor of the B is plainish.” 

Garden ij. Caleutta Broker's report. 

Samples A. fermented on floor. 

vSamples B. fermented on galvanised iron 
sheets. The leaf was not 
allowed to touch the fl(X)r at any 
.stage of manufacture. 

“On the infused leaf there is nothing to choose between the 
two .sets. In cup however, B are distinctly preferable as regards 
strength and quality.” 

(hirden /./. The Manager writes “Rack fermenting 
adopted this season (1932) has already proved of great benefit to 
quality”. This garden was visited by the Bacteriologist who was 
informed by the Manager that the adoption of rack fermentation 
had been accompanied by brighter infirsed leaf than had been 
seen for a number of years, and the disappearanoe from the 
liquors of a .soft character vvdiich had Ix^en continually reported 
in previous seasons. The use of E.C. in 1931 had improved 
the infused leaf colour and the liquors but the floor could not be 
kept clean, and rack fermentation was finally adopted. 
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When using wire racks for fermentation, unsatisfactory re- 
sults are sometimes obtained through overheating of the leaf. If 
the wire is allowed to sag, an excessive thickness of spread may 
occur in the centre of the rack, and this is undoubtedly a contri- 
butory factor. The chief mistake however, is that of piling the 
racks on top of each other. With a thin spread of leaf, very little 
rise in temperature occurs, but a thick spread on racks placed 
close together has resulted on occasion in a temperature differ- 
ence of 5 "F between top and bottom trays. 

This practice is quite unnecessary. If the floor space is 
sufficient for the leaf when spread on the floor, it will be almost 
sufficient for the same surface area of racks placed side by side, 
and there is no reason why racks should be piled up four deep, 
leaving a large portion of the floor space unocciijVied. 

The methods outlined above for avoiding bacterial infection 
in factories luue proved workable in practice, and have given 
satisfactory results when closely followed, in cases where a bac- 
terial factor was concerned. 

The increase in infection throughout manufacture was 
determined in one factory where these methods had been adopted. 
The following figures were obtained : — 

Stug(‘ of nKinufacturo. Iku'loria por gnini of loaf. 


Withon^l loaf ... 

Aftor first roll ... 

Toarso l<‘af aftor first sifting... 

Aftor socond roll 

Coarse leaf aftor socond sifting 

Aftor third roll ... 

Coarse loaf aftor third sifting 
Forinonting loaf t hour hofon^ firing 


40.000 

34.000 

40.000 
llfi,000 
1 fit; ,000 
180,000 

184.000 

102.000 


The only stage at which infection is still occurring is during 
the second roll and sifting, probably owing to some residual con- 
tamination with expressed juice. The slight increase in bac- 
terial numbers at other stages may be attributed to normal bac- 
terial development. 



SECTION 6 


Further Results of Bacterial Control in Practice 

In the final section of this memorandum, further instances 
of the results of bacterial control methods in factories are given, 
and fuller reports on certain cases, which have already been re- 
ferred to, are included. 

The undermentioned Tasters reports have been received in 
respect of gardens where control methods liave been practised. 

Garden 17. ^‘Bacterial control has considerably improved 
the teas on this garden. At the beginning of last season, the 
teas suddenly became dull, poor soft tyes, with dull black in- 
fusions. This was found to be entirely due to the poor con- 
dition on the fermenting room floor. For some time after this, 
Garden 17 fermented on corrugated iron sheets, but it was found 
that after these had been used a month or so the galvanising 
wore off and the standard of the teas went back. Wire ferment- 
ing racks were then constructed and have been used ever since 
with good results.’* 

Garden 31. “(Garden 31) is a cavSe in ]x>int where a definite 
improvement was noticed when fermentation was carried out on 
zinc sheets instead of on the floor.” 

Garden 33. “(Garden 33) is another garden where in- 
fusions and liquors have improved out of all knowledge due 
entirely to bacterial control. Bacterial control was in force last 
year, but the floors throughout were so bad that it was impossible 
to obtain completely sterile conditions, last cold weather the 
floors were relayed and an immediate improvement was notice- 
able.” 

A taster reports : — “A decided improvement has taken 
place on our Cachar and Sylhet gardens by introducing bacterial 
control. The liquors from all our gardens ha^’e, I consider, be- 
come brighter and more pungent since they have worked under 
sterile conditions. “ 
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The following opinion of a taster on the effect of bacteria on 
tea is of interest : — 

‘Tn yonr letter of the 231*0! June yon ask whether I consider 
that bacteria can definitely be held responsible for dull infused 
leaf and soft liquors. In niy opinion there is no doubt that this 
is so,” 

”A bacterially infected tea is, I think, easier to detect 
when tasting with milk than without. vSuch teas frequently 
have the effect of turning the milk sourish, when if no milk had 
been added, the same tea might have been called ‘a little soft’. 
(Note this softness differs from that caused by stewing). Further, 
the bulked tea takes up a dull to grey slatey colour (with milk) 
according to the extent of the infection. The large blenders at 
home neglect grey or slatey teas.” 

” Again a bacterially infected tea may have no objectionable 
character, but may taste ‘meaty’ or full, without point or brisk- 
ness ; this ‘meaty’ character is not a true tea characteristic.” 

‘‘A ]x>int of interest is that teas made under sterile, condi- 
tions often JooJz thinner than before such conditions were intro- 
duced but are almost invariably thicker on the palate.” 

‘‘Where fermenting floors have been bad wc have expen 
mented in fermenting alternate gnnnies on zinc sheets and tasted 
them against those fermented on the flmn*. Where the flcx^ir was 
found to be bacterially infected, the teas fermented on zinc sheets 
were invariably the better, being brighter and iiossessing more 
thickness on the palate, i.e., as oppo.sed to thick to look at.” 

Re]X)rt from an Agency House. 

“As you know, we have tried out your recommendations 
in regard to sterilisation of Factories on a comparatively speak- 
ing large scale, and I am glad to be able to state that in all cases 
we have found that gocxl results were obtained immediately after 
sterilisation of fermenting and rolling room floors had been 
carried out, as also proper cleaning of machines, and there seems 
to be little doubt at the moment that bacteria have in the past 
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been responsible for a great deal of the poor tea, which has been 
put on the market.’’ 

The Manager of Garden 6 wrote : — 

“When all the reconiniendations had been carried out the 
results obtained were remarkable. The infused leaf, especially 
in the second flush teas, is better than I ever remember seeing on 
this garden. Liquors also show a vast ini prove inent both in 
quality and pungency, and I am very glad to say that the}^ still 
continue to improve. It was demonstrated what a great differ- 
ence takes place in leaf that has passed through a green-leaf sifter 
that has not been thoroughly cleaned. Provided that we can 
continue to pluck good leaf, and keep the factory under the same 
conditions of cleanliness during the season, 1 have great hopes 
of making teas fifty per cent, better that those made last year.’’ 

Lxtract of letter from Manager, Garden 39. 

“Judging from Brokers reports a stewy character which 
was referred to several times has, since your instructions were 
adopted, not been referred to at all. I am of the opinion that 
there has been an improvement in my teas.” 

In addition to the cases quoted <ibove and at intervals 
throughout this report a considerable amount of v^erbal evidence 
has been received pointing to the fact that teas made under condi- 
tions of strict cleanliness tend to show brighter infused leaf and 
brisker liquors than those subjected to bacterial infection. 




